Spatial and temporal variations of volatile organic compounds in ambient air in Isolo Industrial Area during May, 2010 to April, 2011 are presented. The results were analysed in other to present information about the detailed nature of air quality situation in the sampled areas. The air samples were collected by passive sampler (ORSA 5). The air samplers were exposed to a height of 1.5 -2.0 m and sampling was carried out four times a month for a period of 12 months. The adsorbed VOCs were desorbed with carbondisulphide (CS 2 ) and the solution analysed using Gas Chromatography (GC) fitted with Flame Ionization Detector (FID). The results from analysis of the air samples collected showed that twenty (26) VOCs were captured. There is a significant difference (P < 0.05) between the levels of VOCs in Isolo. Despite comparatively higher concentrations of VOCs at the studied sites, there is a significant difference in the spatial distribution. At lower wind speed, the VOCs concentrations tend to increase and become uniformly distributed around the industrial Areas. The temporal distribution shows a decrease in ambient concentrations of VOCs from May to July due to Atmospheric (dilution)/wash down by rain. The results of two-way factor ANOVA analysis of the monthly average of total volatile organic compounds revealed that there is significant difference (P < 0.05) in seasonal and temporal variations of TVOC concentrations in the studied areas. The meteorological parameters showed significant correlations with the ambient concentrations of VOCs. The principal component analysis revealed that the major sources of VOCs in Isolo are mainly Anthropogenic and four (4) factors were identified as sources of VOCs in the studied area with Industrial and emissions from traffic dominating.
Introduction
VOCs play an important role in the chemistry of the atmosphere; their role in the formation of photochemical smog and their associated oxidants, degrading air quality and threatening both human health and ecosystem (Molina et al., 2007; Ulman and Chilmonczyk, 2007) . Studies have shown that VOCs enter the human bloodstream through the following means inhalation, ingestion and through the skin (ATSDR, 2001) . The short term adverse effects include conjunctive irritation, nose and throat discomfort, headache and sleeplessness, allergic skin reaction, nausea, fatigue and dizziness. While the long term adverse effects include loss of coordination, leukamia, anaemia, cancer and damage to liver, kidney and central nervous system (Kim et al., 2001; Eljarrat and Barcelo, 2003; Kerbachi et al., 2006) . Vehicular emissions apart from Industrial emissions from the main part of air pollution in Apapa Industrial areas, few studies towards the concentrations of Volatile Organic Compounds (VOCs) have been published in Lagos -state (Okuo et al., 2012 a,b) . Several researchers have attempted VOCs monitoring studies over different parts of the world considering VOCs increasing importance in environmental issues (Ohura et al., 2006; Simona et al., 2009; Son et al., 2003; Okuo et al., 2011) . Higher concentrations of VOCs were recorded in the morning and evening with low concentrations in the afternoon in central Seoul (Na et al., 2003) . Weekdays -Weekends variations of total volatile organic compounds (TVOCs) in atmosphere of Benin City, Southern, Nigeria was determined by Olumayede et al., (2011) . Except for the difference caused by the variation of temperature, the spatial distribution of emission density remained the same among different seasons (Zhang et al., 2007) . Meteorological conditions and photochemical activities cause diurnal, seasonal and annual variations of VOCs concentrations (Na and Kim, 2001; Borton et al., 2002) . Silke et al. (2010) , studied spatial and temporal variation of outdoor and indoor exposure of volatile organic compounds in Greater Cairo concluding that Greater Cairo is burdened by BTEX. The spatial and temporal distribution of VOCs concentration in Ikeja/Apapa Industrial areas was found to be dependent mainly on industrial activities such as industrial solvent usage, petrochemical processes, storage and distribution of chemicals, combustion processes, vehicular/petroleum product emission and meteorological factor such as wind speed, direction of wind, humidity, rainfall and temperature (Ojiodu, 2013; Ojiodu et al., 2013) .
The seasonal variation of measured concentrations of VOCs in certain periods (eg. summer months) have to be adjusted for other periods using appropriate cycle factors (Schlink et al., 2004) . The spatial and temporal distribution of VOCs concentration Sciencebased Industrial Park (SBIP) was dependent mainly on wind speed, wind direction and industrial emissions from the Park (Huang et al., 2005) . The objective of this present study is to investigate the seasonal and temporal variations of VOCs pollution and the possible effects of and meteorological conditions in the studied area.
Study Area
Lagos state with a population of 18million compared with 8-9 million in London, 8million in New-York and 7million in Paris, is one of the world's mega-cities. It is the most populous and industrialized city in Africa and its population far exceed the entire population of some countries. It is the nation's economic nerve centre with over 2000 industries. Currently, over 200,000 vehicles are registered annually in Lagos State (NPC, 2009; LASG, 2006 
Methodology

Sampling Locations
This study was conducted in Isolo Industrial area of Lagos state. Isolo lies within the tropical rainforest region with two distinct seasons: wet and dry seasons. The temperature throughout the year ranges between 21 0 C and 30 0 C. Humidity is relatively high while the rainfall ranges between 150mm-200mm. The wind speed recorded during the study ranged between 3.20 -6.00 ms -1 .
Selection of Sampling Site
The samples were collected at ten sites within the study area during the wet and dry seasons. The sites were carefully chosen based on the following criteria: Cost of equipment, accessibility to the locations, freedom from any obstacle to free flow of air in the vicinity and security of the sampler. The locations (sites) were chosen to reflect activities in the areas. The georeferencing was carried out by using GARMIN GPS MAP 76S.
Sample Collection and Analytical Methods
The sample collection and the Analytical methods were based Ojiodu et al. (2013) . Twoway Analysis of Variance (ANOVA) statistical test was used to evaluate significance of the differences in means; we use correlation coefficient (r 2 ). Sources of emission were determined using correlation coefficient (p< 0.05) and the factor analysis (Principal Component Analysis) (SPSS, 2007) .
Factor Analysis
The Principal Component Analysis (PCA) are the primary factor analysis techniques that uses eigen value to apportion data sets to identify emission sources, chemical interaction on meteorological phenomenon depending on the data sets that have been submitted to PCA. PCA is use to classify variables into groups that can then be associated with factors that contribute to pollutant levels at receptors. Four factors were identified as contributing to the measured values in Isolo industrial area. The first (FI), second (F2), third (F3) and fourth (F4) factors accounted for 40.52, 25.26, 15.24 and 13.16% of the total variance. F1: This factor is highly loaded in ethylbenzene, isopropylbenzene, naphthalene, tuolene, trichloroethane and chloroform. These chemicals are used in cosmetics and paint industries and in the area. They are also released from petroleum products from petrol stations located in the area. Therefore, factor 1 is attributed to emissions from industrial solvent usage and petroleum products. F2: Ethylbenzene, ethanol, chlorobenene and xylene is loaded in factor 2. These compounds are released from vehicle exhaust and petroleum products from petrol stations in the vicinity of the studied area. Factor 2 suggests vehicular and petroleum products emission. F3: Factor 3 is highly loaded in ethanol, acetone and chloroform. These compounds are used as solvent in textile and paint industries in the study area. Therefore, factor 3 is attributed to industrial solvent usage. F4: Tetrachloroethane and trichlorofloromethane are loaded in factor 4. These are solvents used in paint and textile industries in the study area. They are also released from refrigerator and air conditioner workshops in the area. Factor 4 is due to industrial solvent usage and evaporative emission.
Results and Discussion
Twenty-Six (26) VOCs were captured in each of the ten sites in Isolo industrial areas during the wet and dry seasons ( Table 1 ). The VOCs were classified thus: aromatics, halogenated, esters, ketones, alcohols, ethers, dienes, and nitriles.
There is an increase in the VOCs concentration from November to December, 2011 (dry season). This may be due to the fact that the period is characterized by high human and industrial activities. There is a progressive increase in concentration from the month of August to December, 2012. Conversely, there is a decrease in VOCs concentration from May to July, 2012. Generally, the month of July has the lowest VOCs concentrations (Table 2 ).This may be due to wash down by rain during the wet season. The levels of VOCs obtained in the studied areas in dry season is 3 to 6 times higher than the wet season ( Table 2 ). The dry/wet ratio of the measured TVOC shows high level of VOCs in the dry seasons (Figure 1 ). The high ratio obtained is an indication that more of the VOCs were released in the studied areas during the dry season, this may also be attributed to a greater industrial activities such as solvent usage, petrochemical processes, storage and distribution of chemicals, combustion processes, vehicular exhaust and petroleum product emission, emissions from waste dump and evaporative sources such as from dry cleaning shops, refrigerator and air conditioner workshops, fuel filling stations and hawkers of cloths, foot wears, cosmetics etc . Similarly, high levels of VOCs were recorded with low wind speed (Table 3) . In dry season, Companies productivity is high and the season is characterized by more human activities leading to an increase in VOC levels. In the wet season, VOC levels are low due to dilution of the Atmospheric air. There is a strong positive correlation coefficient (r 2 = 0.958) between the concentration of VOCs in the dry and wet seasons. The specific site monthly average of the total volatile organic compound observed in the different sampling sites of the industrial area reveal significant seasonal variability (P< 0.05) with high values obtained during the dry seasons and low in the wet seasons. The effect of temperature and other meteorological factors such as relative humidity, wind speed and direction were suggested as to playing more significant roles in causing seasonal variation (So and Wang, 2004; Wang et al., 2007) . The ambient VOCs in the studied areas were characterized by low wind speed with corresponding high temperature, low humidity and in some cases relatively low rainfall with South-South West (S-SW) wind prevailing ( Table   3 ). The lowest wind speed (3.20m/s) was recorded in December when the total volatile organic compound is high (305.59µg/m 3 ). The highest total volatile organic compound was recorded in the months of November, 2010 -March, 2011 while the lowest value was in July. This is because during the wet seasons, apart from dilution of the atmosphere, there is a wash down of Atmospheric Air by rainfall. By comparing the five industrial areas of Lagos state, Ikeja has the highest total VOC concentrations of 5669.85µg/m 3 while Isolo has the lowest value of 3899.16µg/m 3 (Ojiodu, 2012 . This may be due to more industries and more vehicular traffic because of people's patronage of such industries (Chang et al, 2005; Ohura et al, 2006; Hsieh and Tsai, 2003) . It is evident that in addition to traffic emissions, industrial activities enhance the concentration levels of VOCs in the industrial areas. The comparison of VOCs in Nigerian industrial areas (Apapa, Iganmu, Ikeja, Ilupeju and Isolo) with other industrial areas of the world shows that the concentration of VOCs in the studied industrial areas is higher than those measured in Yakohama (Japan) (Vasu et al., 2009) ; Tarragona (Spain) (Maria et al., 2009) ; Edmonton (Spain) (Maria et al, 2009) and Gumi (Korea) (Al-Awadhi et al., 2005) . This may be due to lack of environmental monitoring and sanctioning by the body charged with such responsibility (FME, LASME). There is a significant difference (P< 0.05) between the dry and wet seasons in the levels of VOCs pollution in study areas in both seasons.
Conclusion
The spatial and temporal distribution of VOCs concentration in Isolo Industrial areas was found to be based on the industrial activities such as industrial solvent usage, petrochemical processes, storage and distribution of chemicals, combustion processes, vehicular/petroleum product emission and meteorological factors such as wind speed, direction of wind, humidity, rainfall and temperature.
